The Surveillance, Epidemiology, and End Results (SEER) 
intrODUCtiOn
Although cancer strikes both young and old, it is well recognized in the medical community that the disease disproportionately affects the elderly. Almost 60 percent of incident cases (all sites combined) occur in males and females age 65 or over (Surveillance Research Program, National Cancer Institute, 2003) . Of the 10.8 million prevalent cancer population, 60 percent (6.5 million) of cancer survivors are age 65 or over (Surveillance, Epidemiology, and End Results Program, 2007) . Forty-three percent of these 6.5 million elderly males and females with cancer survive more than 10 years and 17 percent of them survive more than 20 years from their initial diagnosis (Surveillance, Epidemiology, and End Results Program, 2007) . Although age-adjusted cancer incidence rates in the U.S. have declined significantly from 1995 (Ries et al., 2007 , the number of people newly diagnosed with cancer is expected to increase because of population growth and the aging of the U.S. population. It is estimated that the number of persons with cancer will double by the year 2050 (Edwards et al., 2002) .
The burden that cancer places on the U.S. population has resulted in much interest in assessing cancer treatment and outcomes, especially for older persons. A number of population-based studies have used secondary data to evaluate patterns and quality of care, outcomes, and health care costs for elderly persons with cancer. One aspect of the cancer experience of older people that cannot be addressed with studies based on available secondary data, however, is HRQOL. Data from pediatric and young adult cancer populations show that cancer and its treatment can result in years of physical and mental distress for some individuals (Robison, 2005; Zabora et al., 2001; Oeffinger et al., 2006) , but little is known about how cancer treatment affects HRQOL in the elderly. Moreover, the elderly population differs from younger groups in a number of respects, including the fact that they have higher levels of comorbidities that may affect HRQOL even in the absence of a cancer diagnosis. The addition of a cancer diagnosis to other health conditions may have an interactive affect on HRQOL. The role of comorbidity on HRQOL is an emerging area of research interest only recently receiving attention among investigators (Bellizzi and Rowland, 2007; Lichtman, Balducci, and Aapro, 2007; Rao and Demark-Wahnefried, 2006; Aziz and Bellizzi, 2008; Yancik et al., 1996; Extermann, 2007; Hewitt, Rowland, and Yancik, 2003) .
In 1998, CMS began to monitor the quality-of-care provided by Medicare managed care plans through the MHOS. The MHOS was designed to gather valid, reliable, and clinically meaningful data on health outcomes, including functional status, comorbid conditions, symptoms, and HRQOL for the approximately 8.3 million Medicare managed care enrollees, who account for 19 percent of Medicare beneficiaries in 2007 (U.S. Department of Health and Human Serv ices, 2008) . MHOS data provide a unique opportunity to assess HRQOL for patients with selected clinical conditions, including cancer.
To assess HRQOL for cancer patients, NCI and CMS have collaborated to link the MHOS with cancer registry data from the SEER program of population-based registries (Espey et al., 2007) . This linked dataset provides a powerful and efficient way to collect data on HRQOL of older cancer patients enrolled in health maintenance organizations (HMOs).
Overview

Data Sources
SEER
The SEER program collects information about all newly diagnosed cancer (incident) cases in populations within defined geographic areas. The program, which began in 1973, now includes registries that cover about 26 percent of the U.S. population. Detailed information can be found at http://seer.cancer.gov/. The SEER areas include Connecticut, Hawaii, Iowa, New Mexico, Utah, Kentucky, Louisiana, New Jersey, California, the metropolitan areas of Detroit, Atlanta, Seattle-Puget Sound, and rural Georgia. Data collection for some registries, Kentucky, Louisiana, New Jersey, and greater California, began in 2000. The information collected by the registries includes patient's age, sex, race, and marital status. Information about the cancer consists of the month and year of diagnosis, the site, behavior, and stage. Staging in the SEER data is based on classification schemata that vary by cancer site and year of diagnosis. These methods include SEER historic staging and American Joint Committee on Cancer staging system, the latter available for all cancers other than lymphoma and leukemia. The SEER historic staging variable consists of the categories of in situ, localized, regional, distant and unstaged and can be used to track trends in stage over time. SEER registries also collect information about surgical and radiation treatment recommended or provided within 12 months of diagnosis. Information about chemotherapy is not reported because of concerns about under ascertainment. Followup is limited to vital status, and cause of death, if applicable. The data collected by the registries comes primarily from medical records and reports from health professionals. The registries do not collect information on non-melanoma skin cancer, use of screening, or how the cancer was detected, cancer recurrence or progression, sequela of disease or treatment, or cancer-specific symptoms related to HRQOL (Warren et al., 2002) .
MHOS
The National Committee for Quality Assurance began the MHOS in 1996 under contract to CMS. The original intent of the MHOS was to measure health outcomes of Medicare beneficiaries who are enrolled in Medicare Advantage (previously Medicare+Choice) health plans for use in monitoring plan performance and improving health outcomes. The MHOS includes a 95-item core questionnaire that is administered to 1,000 randomly selected beneficiaries including institutionalized and disabled beneficiaries who were members of the participating managed care organization (MCO) in the Medicare Advantage program. In plans with fewer than 1,000 enrollees, all eligible members were surveyed. A baseline survey was administered to the first cohort in May 1998, and a followup survey was administered to the same cohort in spring 2000. A new cohort is randomly selected each year for baseline measurement and a 2-year followup assessment.
Since 1998, CMS has conducted 10 baseline surveys and 8 followup surveys. The MHOS data used for the SEER-MHOS project include people who were selected to respond to the MHOS between 1998-2001 and their 2-year followup surveys, if available. These years were selected as it allowed us to use an established link between Medicare enrollment data and persons in SEER. The core MHOS survey contains questions related to demographics, socio-economic status, health problems, functional status (activities of daily living [ADLs]), and symptoms 1 . It also assesses measures of HRQOL through the Medical Outcomes Study Short Form-36 (SF-36 ® , version 1). This instrument is widely used and has been validated in several studies, including many that have assessed cancer care (Turner-Bowker et al., 2002) . As shown in Table 1 , the SF-36 ® has eight scales, with each representing a separate construct of HRQOL (Jones, Jones, and Miller, 2004) . The eight scales provide the basis for calculating two summary measures, the physical component summary (PCS) and the mental component summary (MCS). Scores on the two summary measures include data from all eight scales, but vary by the order in weight applied to each scale. The PCS score is mostly determined by the physical functioning, role-physical, bodily pain, and the general health scales. The MCS is mostly determined by the mental health, role-emotional, social functioning, and vitality scales.
The SF-36 ® uses norm-based scaling, meaning that scores on the instrument are standardized using an algorithm that builds in normative values for the U.S. population. Thus, all scores above or below 50 can be interpreted as above or below the general population norm. Moreover, because the standard deviations for each scale are equalized at 10, it is relatively easy to see exactly how far above (or below) the mean any particular score is in standard deviation units (Ware et al., 2004) . This aspect of the SF-36 ® is a major advantage over other HRQOL instruments used in this type of research, because other instruments typically do not allow direct comparisons to U.S. population norms. The extensive self-reported information on the MHOS can be used to compare HRQOL differences between cancer survivors, cancer patients, and the general elderly population enrolled in MCOs, as well as differences within these groups by demographic, socio-economic status, and type of MCO health plan. The available information on the MCO health plans include type of plan, the plan's State, name, and organization name, Medicare product name, and CMS region. It also includes information on the population of people it served by MCO. In addition, information on the health plan's start date, duration of the plan contract, and duration of the health plan categories are also available.
The MHOS contains limited information about cancers; there are only questions that ask if the person has been diagnosed with any of the major cancers (colorectal, lung, breast, and prostate). Other than this, the survey instrument does not identify persons with specific cancers. Additionally, no questions related to the nature of initial treatment, length of time between diagnosis and survey administration, and severity of cancer as measured by stage of disease are included in the survey.
linkage of MHOS and Seer
The linkage of MHOS and SEER data was accomplished by using an existing file that links persons in the SEER data to Medicare's Master Enrollment File. This existing file was initially constructed for the SEER-Medicare linked database, another collaborative project between CMS and NCI (http://healthservices.cancer.gov/ seermedicare/). The linkage of SEER cases to Medicare's Enrollment File is based on an algorithm that involved a match of a respondent's Social Security number (SSN), sex, last name, first name, and month of birth. In the absence of a match on the SSN, respondents were matched on their last name, first name, sex, and month of birth. This algorithm required an agreement between 7 or 8 digits of the SSN or a match on two or more of the following identifiers: year of birth, day of birth, middle initial, and date of death (month and year). For persons in the SEER data age 65 or over, 93 percent were matched to Medicare's enrollment data. For persons found in both data sources, a SEER-Medicare crosswalk file was created that linked each person's unique SEER case number Physical Functioning Ten questions asking for ratings of the extent to which the respondent's health limits them in their performance of physical activities.
Role-Physical Four questions asking the extent to which the physical health of the person completing the scale limits them in their work or other usual activities in terms of time and performance.
Bodily Pain Two questions asking for the severity of pain experienced by the respondent and for the extent to which pain interferes with normal work, including work outside the home and housework.
General Health Five questions that ask the individuals to rate their current health status overall, their susceptibility to disease, and their expectations for health in the future.
Mental Component Summary
Summary measure which includes: mental health, role-emotional, social functioning, vitality, general health, bodily pain, role-physical, and physical functioning.
Vitality
Four questions asking for subjective well-being ratings in terms of energy and fatigue
Social Functioning
Two questions on limitations in normal social functioning due specifically to health-related problems.
Mental Health
Five questions about the frequency of feelings representing the 4 major mental health dimensions.
Role-Emotional
Three questions about whether emotional problems have interfered with accomplishments at work or other usual activities in terms of time, as well as performance. to their Medicare health insurance claim number (HICNUM).
To create the SEER-MHOS linked database, we took the HICNUMs from MHOS respondents and attempted to match these numbers to HICNUMs for persons in the SEER-Medicare crosswalk file. Persons found in the MHOS group who were found in the SEER-Medicare crosswalk were classified as cancer cases. Those who were not matched to the SEER-Medicare data were considered possible controls.
Seer-MHOS analytic File
Using this linked SEER-MHOS database, NCI and CMS have constructed a file that is designed to meet the analytical needs of investigators who wish to use the MHOS data to examine cancer-related issues. This file includes only persons who have responded to at least one MHOS survey for persons with and without cancer. Up to eight records per person may be available in this file, in the case of individuals who were included in the MHOS sample every year and responded to all four baseline and followup surveys. 1 Cancer status could not be determined for 12 patients.
2 467 patients resided in a SEER area at time of survey, and completed at least one survey while residing outside of a SEER area.
3 1,869 patients did not answer the question "Has a doctor ever told you that you had any cancer (other than skin cancer)?", and another 8,521 said "Yes" they had cancer, but are not in the SEER file. chart that describes the number of people included in the file. For persons with cancer, the chart provides information about the timing of surveys in relation to the cancer diagnosis.
Not everyone who was selected for inclusion in the MHOS cohort agreed to participate in the survey. Table 2 provides information on the total number of surveys included in the MHOS sample and the percentage of surveys completed at baseline or followup. A completed survey was defined as one in which 80 percent of all questions had been answered. Followup surveys were only provided for people who were alive and still in the plan at the 2-year followup. MHOS respondents who had discrepancies on sex or a difference of more than 6 months on date of birth or date of death were deleted from the linked cohort (n=88). In addition, because the MHOS survey could have been completed by a proxy (such as a family member or friend), an additional verification was done to confirm that the respondent was alive at the time of survey administration. A small number of respondents were deleted because their date of death was before their survey date (n=82). MHOS respondents not found in the crosswalk file (i.e., respondents without cancer) also were checked for consistency between date of death (if any) and MHOS survey date administration. As a result, an additional 719 respondents were deleted from the sample because their date of death was before their survey date. The number of postmortem surveys appears to be relatively large, but is still a very small fraction of the MHOS respondents (0.07 percent). Approximately one-half of those postmortem surveys were completed by the respondents themselves, indicating an erroneous survey date. Thus, most of the discrepancies could be due to an erroneous survey date or date of death in the Medicare file, and it was decided to exclude all patients with a survey date after date of death.
The SEER-MHOS Analytic File includes demographic information obtained from several sources including the Enrollment Data Base (EDB) File maintained by CMS for Medicare enrollees, SEER files, and self-reported information. For persons with cancer, information from the SEER data is provided about the date of diagnosis and clinical information for up to 10 cancers, vital status information, and some census tract information, such as median household income and education at time of first cancer diagnosis at age 65 or over (Warren et al., 2002) . The file has been constructed in a way to facilitate the creation of cohorts.
Respondents can be selected on a number of factors including cancer status, residency in SEER area, and a variety of other survey and cancer-related indicators. In addition, to support both cross-sectional and longitudinal study designs, the file allows investigators to identify individuals who participated in multiple surveys. (A file layout with a data dictionary is available on request from the NCI authors.)
Data Confidentiality
The SEER-MHOS data is a valuable resource. However, it is not in the public domain at this time and is available only to Federal Government scientists and collaborators. SEER-MHOS region-specific data are available to SEER principal investigators. Before the data become available to the general public, safeguards to protect patient and provider confidentiality, such as de-identification of the data, and establishing data use agreements, must be taken. NCI intends to work with CMS to develop a public use resource for these data in the near future. Table 3 presents information on selected characteristics of all MHOS respondents, comparing those persons who never had a cancer diagnosis with cancer patients and stratifying by those who had completed surveys before and following a cancer diagnosis. Respondent's age, sex, and race/ ethnicity, were collected on the MHOS survey, as well as on the EDB File and the SEER database for cancer cases. A respondent's age was derived by subtracting the date of birth from the survey administration date. If available, a respondent's race/ ethnicity was constructed based on their self-reported information from the MHOS survey. Otherwise, race/ethnicity was obtained from the CMS database or the SEER File. In instances where respondents have multiple MHOS surveys (i.e., a baseline and a followup survey), race/ethnicity information was retained from the first survey. The race/ethnicity variable is a six-category variable; patients of Hispanic origin receive the Hispanic classification regardless of race. All others fall into one of the other categories: White, Black (or African-American), Asian (or Pacific Islander), American Indian (or Alaskan Native), and another race or multiracial (also referred to as other). It should be noted that the number of subjects is low from certain population groups, e.g., American Indian/Alaskan Native, that participated in the MHOS survey. Because of this, stratification of an analysis by race/ethnicity may have re sulted in less reliable estimates for those groups than for better represented groups, even after combining all cancer sites in an analysis. Marital status, income, and education were self-reported by the respondent.
DeSCriPtive Data FrOM tHe Seer-MHOS
To measure the health condition of participants in the MHOS survey, a comorbidity score was developed from a series of questions on pre-existing chronic conditions, at the time of the survey, including hypertension, coronary artery disease, congestive heart failure, heart attack, other heart conditions, stroke, pulmonary disease, bowel disease, arthritis, diabetes, sciatica, and any cancer other than skin cancer. To be sure the answers were based on a clinical diagnosis, the questions were prefaced with "Has a doctor ever told you that you had: ... the condition." Each positive response was assigned a point. The comorbidity score is the sum of all responses, and ranges from 0 (fewest comorbidities) to 12 (most comorbidities). The comorbidity score was reset to unknown if any one of the disease condition questions was not answered (data not shown) . Survey respondents were categorized into four smoking groups: (1) non-smoker, (2) former smoker, (3) smoker, or (4) those with unknown smoking status. Respondents who reported smoking less than 100 cigarettes in their lifetime were categorized as a non-smoker. Former smokers were those who reported smoking 100 cigarettes or more over their lifetime but were not currently smoking and had not smoked in the past 6 months (Hays et al., 2008) . Table 3 presents data on the number of respondents with and without cancer. For persons with cancer, the data are divided into those who completed a survey before and after a cancer diagnosis. The non-cancer group includes only persons who lived in a SEER area at the time of the baseline survey. The non-cancer group in the SEER area is similar to non-cancer cases living in non-SEER areas other than those people in the SEER area are more likely to be Latino or Asian and less likely to be White. In addition to demographic information, Table 3 includes information about the mean range of scores for the PCS and MCS. The PCS mean score ranges from 39.9 to 42.3, below the general population mean of 50. The MCS mean score is slightly above the general population mean and ranges from 50.0 to 51.3. Table 3 also notes the percentage of unknown values in each variable in the table. Item non-response for most variables is less than 2 percent, except for income, which has a non-response averaging about 21 percent, and smoking status, which is missing in approximately 9 percent of cases. Work by McCall and colleagues (2004) have noted that non-response bias in the survey is relatively modest, in spite of differences in response rates in baseline and followup surveys, and differential item non-response. Table 4 includes information about the number of persons who have responded to at least one MHOS survey by specific type of cancer. The table presents information for all cancer patients who completed a baseline survey as well as the number of cancer patients who completed a baseline survey prior to their cancer diagnosis. For persons with multiple cancers, data are presented for the first cancer reported in the SEER data. Data on the number of cancer cases is presented differently in Table 5 . This table provides information about the number of respondents that have completed the survey by stage for persons with colorectal, lung, breast, and prostate cancers. Tables 4 and 5 show that the SEER-MHOS Analytic File has a sufficiently large sample size to examine some questions related to cancer treatment and outcomes both cross-sectionally and longitudinally. This is especially true for the most common cancers, prostate, breast, colorectal, and lung.
We provide three examples of functional measures available in the SEER-MHOS data. In Figure 2 , we used information from MHOS to compare the self-reported ADL status of cancer respondents who completed the survey before their cancer diagnosis to those who completed the survey after their cancer diagnosis. The data show that ADLs are more difficult to perform for persons who completed the survey after a cancer diagnosis. We performed a similar analysis of self-reported depression in relation to the timing of the cancer diagnosis and compared with Medicare beneficiaries who do not have cancer (Figure 3) . The data show that those who completed the survey after their first cancer diagnosis were slightly more depressed than their Number of individuals with a baseline survey before their first cancer diagnosis and also a baseline or followup survey after their first cancer diagnosis. Excludes persons age 65 or under. NOTES: The denominator for the percentages in columns 3 through 6 is the total number of linked patients by cancer site. The groups are not mutually exclusive, therefore, the percentages do not sum to 100 percent. (Group B + Group C) > Group A because some patients participated in more than one Medicare Health Outcome Survey (MHOS) cohort and completed at least one baseline survey before cancer diagnosis and at least one baseline survey after first cancer diagnosis. SOURCE: Data is from linked the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) cancer registry combined with Medicare beneficiaries' responses to the Centers for Medicare Table 5 Number Figure 4 presents information on comorbidity scores based on a count of selected chronic conditions. One can see that among those who completed the survey after their first cancer diagnosis, the percent of respondents who reported having four or more comorbidities was somewhat higher compared with cancerfree patients and patients who did not have cancer at the time of survey administration. Smith et al. (2008) further discuss the role of comorbidity and HRQOL for cancer patients. These examples show how MHOS data from a group of elderly Medicare beneficiaries who do not have cancer can be used to evaluate the status of elderly beneficiaries with cancer.
Seer-MHOS StrengtHS
The SEER-MHOS data are a unique resource. The information it contains, such as HRQOL and comorbidities, can be used for analyses that cannot be performed on other secondary data. Because the dataset uses the SF-36 ® , it enables investigators to compare across populations of cancer survivors, as well as to compare individuals with and without cancer. Analyses of the 1998 and 2000; 1999 and 2001; 2000 and 2002; and 2001 and 2003 . Data includes responses from the first baseline survey completed per participant.
SEER-MHOS data can explore behavioral issues (e.g., smoking behavior) as well as treatment issues (e.g., surgery or radiation oncology). Existing research on health outcomes of older adults with cancer often examines this population as one homogeneous group. Longitudinal studies of health and aging clearly demonstrate the existence of heterogeneity in respect to the health status of the elderly population (Baltes and Smith, 2003) , however, suggesting that differences in health outcomes by cancer status could also exist. The SEER-MHOS data are derived from a large sample, which permits examination of data by age strata for males and females age 65 or over. The large samples also enable investigators to stratify the elderly population by other important factors, such as race/ethnicity, and socio-economic status. Further, few HRQOL datasets exist that facilitate comparisons across multiple tumor types as well as comparisons with individuals who were never diagnosed with cancer.
Another strength of the SEER-MHOS is the inclusion of a 2-year longitudinal panel of respondents in the dataset. Many of the most important HRQOL research questions have to do with changes in health status among cancer survivors, especially in response to treatment, to the diagnosis of cancer, or in response to other health events, such as a second primary cancer diagnosis. The SEER-MHOS potentially enables the exploration of these types of research questions, at least within the 2-year window of the followup sample. Finally, as described in Table 4 , the SEER-MHOS data can be used to explore HRQOL issues in tumor sites beyond breast, prostate, colorectal, and lung. The dataset has more than 1,000 cases each of gynecological cancers, bladder cancers, melanomas, and head and neck cancers. It also includes more than 2,000 individuals who have been diagnosed with multiple primary cancers (Clauser et al., 2008) and a limited number of respondents with rare cancers. Little is currently known about the HRQOL of survivors for rare or multiple cancers, and continued efforts to expand the dataset with additional cohorts of survey respondents will increase the power to examine HRQOL issues with these respondents.
Seer-MHOS limitations
The SEER-MHOS data also have limitations that users should consider before working with them. The SEER-MHOS is designed to allow standard comparisons across different types of cancers and other clinical characteristics of the study population (e.g., other diseases, individuals who self-report being disease free). However, cancer-specific HRQOL measures would likely be more sensitive than the SF-36 ® to the impact of cancer but they would not allow comparisons to those in the sample who do not have cancer. Many researchers would recommend using these refined HRQOL instruments in studies or interventions of selected tumor types where they are available and valid. Despite this limitation, SEER-MHOS studies can still complement the use of other HRQOL instruments by providing a comparative assessment, thereby highlighting opportunities in which researchers and health plans could conduct detailed research and intervention using more sensitive instruments.
Another limitation of the SEER-MHOS is its lack of representativeness of the Medicare Program in general. The primary purpose of the MHOS is to serve as a program monitoring and accountability mechanism for the Medicare managed care program. Therefore, it is not used to collect HRQOL information on Medicare beneficiaries in the fee-for-service program where the vast majority of Medicare beneficiaries are enrolled. An earlier study by Riley (2000) found that Medicare beneficiaries with feefor-service coverage had more risk factors and lower functional status. Also, because the data are limited to managed care, no administrative claims or utilization data are available from Medicare on this population. Utilization data are limited to what is available in SEER and to specific services associated with initial cancer treatment, such as surgery and radiation. Some types of cancer treatment, i.e., chemotherapy and hormonal therapy, are not reported by the SEER program because of concerns about under ascertainment. Nevertheless, the SEER-MHOS dataset does provide the potential to evaluate selective issues related to HRQOL and receipt of initial cancer treatment, especially with respect to surgical interventions and radiation therapy.
The SEER-MHOS dataset also is not representative of the Medicare Advan- 
COnClUSiOnS
The SEER-MHOS data are a potentially valuable resource that combines healthrelated quality of life, sociodemographic, and clinical data for Medicare health plan enrollees. The data are population-based, with a large number of cancer cases and controls, and the dataset allows for both cross-sectional and longitudinal studies. The inclusion of control cases of individuals who were never diagnosed with cancer is a major advantage, because it allows investigators to evaluate HRQOL in individuals before and after a cancer diagnosis, as well as between cancer survivors and individuals never diagnosed with cancer. The strength of the dataset is its ability to reveal insights about HRQOL, both across different types of cancers and between respondents with and without cancer (Clauser et al., 2008; Smith et al., 2008; Hays et al., 2008) .
Finally, because survey respondents are representative of the health plans in which they enroll, the data may serve important policy research functions as well. The SEER-MHOS provide an attractive window into examining the HRQOL of cancer survivors enrolled in Medicare managed care. Improved cancer therapies and cancer screening technology is allowing Medicare beneficiaries diagnosed with cancer to live longer with the disease. Increased survival will place even greater emphasis on the need for Medicare managed care plans to assist cancer survivors in dealing with quality of life implications of living with cancer. The SEER-MHOS is one tool to inform health care plans on gaps in health status and intervention opportunities that can improve the HRQOL of cancer patients and survivors for whom they are accountable.
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